Anti-Cocaine Compositions and Treatment by Landry, Donald W. et al.
University of Kentucky
UKnowledge
Pharmaceutical Sciences Faculty Patents Pharmaceutical Sciences
11-27-2012
Anti-Cocaine Compositions and Treatment
Donald W. Landry
Joanne MacDonald
Shi-Xiang Deng
Chang-Guo Zhan
University of Kentucky, chang-guo.zhan@uky.edu
Daquan Gao
University of Kentucky
See next page for additional authors
Right click to open a feedback form in a new tab to let us know how this document benefits you.
Follow this and additional works at: https://uknowledge.uky.edu/ps_patents
Part of the Pharmacy and Pharmaceutical Sciences Commons
This Patent is brought to you for free and open access by the Pharmaceutical Sciences at UKnowledge. It has been accepted for inclusion in
Pharmaceutical Sciences Faculty Patents by an authorized administrator of UKnowledge. For more information, please contact
UKnowledge@lsv.uky.edu.
Recommended Citation
Landry, Donald W.; MacDonald, Joanne; Deng, Shi-Xiang; Zhan, Chang-Guo; Gao, Daquan; Woods, James H.; Sunahara, Roger K.;
Narasimhan, Diwahar L.; Yang, Victor; Ko, Mei-Chuan Holden; Tesmer, John J.; Lee, Tien-Yi; and Kwon, Young Min, "Anti-Cocaine
Compositions and Treatment" (2012). Pharmaceutical Sciences Faculty Patents. 12.
https://uknowledge.uky.edu/ps_patents/12
Authors
Donald W. Landry, Joanne MacDonald, Shi-Xiang Deng, Chang-Guo Zhan, Daquan Gao, James H. Woods,
Roger K. Sunahara, Diwahar L. Narasimhan, Victor Yang, Mei-Chuan Holden Ko, John J. Tesmer, Tien-Yi Lee,
and Young Min Kwon
This patent is available at UKnowledge: https://uknowledge.uky.edu/ps_patents/12
(12) United States Patent 
Landry et al. 
US008318156B2 
US 8,318,156 B2 
Nov. 27, 2012 
(10) Patent N0.: 
(45) Date of Patent: 
(54) ANTI-COCAINE COMPOSITIONS AND 
TREATMENT 
(75) 
(73) 
(21) 
(22) 
(86) 
(87) 
(65) 
(60) 
(51) 
(52) 
(58) 
Inventors: Donald W Landry, New York, NY 
(US); Joanne MacDonald, New York, 
NY (US); Shi-Xian Deng, White Plains, 
NY (US); Chang-Guo Zhan, Lexington, 
KY (US); Daquan Gao, Louisville, KY 
(US); James H. Woods, AnnArbor, MI 
(US); Roger K. Sunahara, AnnArbor, 
MI (US); DiWahar L. Narasimhan, Ann 
Arbor, MI (US); Victor Yang, Ann 
Arbor, MI (US); Mei-Chuan Holden 
Ko, AnnArbor, MI (US); John J. 
Tesmer, AnnArbor, MI (US); Tien-Yi 
Lee, AnnArbor, MI (US); Young Min 
KWon, Ann Arbor, MI (US) 
Assignees: The Trustees of Columbia University 
in the City of New York, NeW York, NY 
(US); The Regents of the University of 
Michigan, Ann Arbor, MI (US); 
University of Kentucky Research 
Foundation, Lexington, KY (US) 
Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 585 days. 
Appl. No.: 12/373,510 
PCT Filed: Jul. 10, 2007 
PCT No.: PCT/US2007/015762 
§ 371 (0X1), 
(2), (4) Date: Oct. 2, 2009 
PCT Pub. No.: WO2008/008358 
PCT Pub. Date: Jan. 17, 2008 
US 2010/0034799 A1 
Prior Publication Data 
Feb. 11, 2010 
Related U.S. Application Data 
Provisional application No. 60/819,569, ?led on Jul. 
10, 2006. 
Int. Cl. 
A61K 38/46 (2006.01) 
A61K 38/43 (2006.01) 
c121v 9/16 (2006.01) 
c121v 9/14 (2006.01) 
0121* 21/06 (2006.01) 
0121* 19/34 (2006.01) 
00 7H 21/04 (2006.01) 
U.S. c1. .... .. 424/94.6; 424/941; 435/196; 435/195; 
435/69.1; 435/91.1; 536/231; 536/23.2; 530/350 
Field of Classi?cation Search ............... .. 424/94.6, 
424/941; 435/196, 195, 69.1, 91.1; 536/231, 
536/23.2; 530/350 
See application ?le for complete search history. 
(56) References Cited 
U.S. PATENT DOCUMENTS 
5,462,868 A 10/1995 Britt et a1. 
5,730,985 A 3/1998 Barber et al. 
5,977,314 A 11/1999 Landry et a1. 
2002/0048271 A1 4/2002 Rastinejad et al. 
2011/0142816 A1* 6/2011 Landry et a1. .............. .. 424/946 
FOREIGN PATENT DOCUMENTS 
2257972 1/1993 
WO 2008/008358 1/2008 
OTHER PUBLICATIONS 
GB 
WO 
Broun et al., Catalytic plasticity of fatty acid modi?cation enzymes 
underlying chemical diversity of plant lipids. Science, 1998, vol. 282: 
13 1 5- 13 17 .* 
Chica et al., Semi-rational approaches to engineering enzyme activ 
ity: combining the bene?ts of directed evolution and rational design. 
Curr. Opi. Biotechnol, 2005, vol. 16: 378-384.* 
Devos et al., Practical limits of function prediction. Proteins: Struc 
ture, Function, and Genetics. 2000, vol. 41: 98-107.* 
Seffernick et al., Melamine deaminase and Atrazine chlorohydrolase: 
98 percent identical but functionally different. J. Bacteriol., 2001, 
vol. 183 (8): 2405-2410.* 
Sen et al., Developments in directed evolution for improving enzyme 
functions. Appl. Biochem. Biotechnol, 2007, vol. 143: 212-223.* 
Wishart et al., A single mutation converts a novel phosphotyrosine 
binding domain into a dual-speci?city phosphatase. J. Biol. Chem., 
1995, vol. 270(45): 26782-26785.* 
Whisstock et al., Prediction of protein function from protein 
sequence. Q. Rev. Biophysics, 2003, vol. 36 (3): 307-340.* 
WitkoWski et al., Conversion of b-ketoacyl synthase to a Malonyl 
Decarboxylase by replacement of the active cysteine with glutamine. 
Biochemistry, 1999, vol. 38: 11643-11650.* 
Supplemental European Search Report issued in the related applica 
tion No. EP07810316 on Jan. 13, 2010. 
Marshall et al., Rational Design and Engineering of Therapeutic 
Proteins, Drug Discovery Today, 2003, pp. 212-221, vol. 8, No. 5. 
Ascenzi et al, The Rhodococcus sp. Cocaine Esterase: A Bacterial 
Candidate for Novel Pharmacokinetic-based Therapies for Cocaine 
Abuse, IUBMB Life, Jul. 2003, pp. 397-402, vol. 55, No. 7. 
Baird et al, Natural and Arti?cial Enzymes Against Cocaine. I. 
Monoclonal Antibody 15A10 and the Reinforcing Effects of Cocaine 
in Rats. J. Pharmacol. Exp. Ther, 2000, pp. 1127-1 134, vol. 295, No. 
3. 
(Continued) 
Primary Examiner * Ganapathirama Raghu 
(74) Attorney, Agent, or Firm * SNR Denton US LLP 
(57) ABSTRACT 
Embodiments of the invention disclosed herein generally 
relate to anti-cocaine therapeutics. Speci?cally, some 
embodiments of the invention relate to highly e?icient, ther 
mostable, and long-lasting cocaine esterase (CocE) mutants 
that can protect against the toxic and reinforcing effects of 
cocaine in subjects. Provided herein are mutant CocE 
polypeptides displaying thermostable esterase activity. Also 
provided are methods of treating cocaine-induced conditions 
in a subject in need via administration of mutant CocE as Well 
as methods for high-throughput screening of candidate 
esterase polypeptides. 
20 Claims, 36 Drawing Sheets 
US 8,318,156 B2 
Page 2 
OTHER PUBLICATIONS 
Bresler et al, Gene Cloning and Nucleotide Sequencing and Proper 
ties of a Cocaine Esterase from Rhodococcus sp. strain MB1. Appl. 
Environ. Microbiol., Mar. 2000, pp. 904-908, vol. 66, No. 3. 
Britt et al, Identi?cation of a Cocaine Esterase in a Strain of 
Pseudomonas maltophilia. Journal of Bacteriology, 1992, pp. 2087 
2094, vol. 174, No. 7. 
Browne et al, The In?uence of Plasma Butyrylcholinesterase Con 
centration on the in Vitro Hydrolysis of Cocaine in Human Plasma, 
1998, Biopharm. Drug Dispos., 1998, pp. 309-314, vol. 19. 
Carmona et al, Butyrylcholinesterase Accelerates Cocaine Metabo 
lism: In Vitro and In Vivo Effects in Nonhuman Primates and 
Humans. Drug Metab. Dispos., 2000, pp. 367-371, vol. 28, No. 3. 
Carmona et al, Attenuation of Cocaine-Induced Locomotor Activity 
by Butyrylcholinesterase, Exp. Clin. Psychopharmacol., 1998, pp. 
274-279, vol. 6, No. 3. 
Carmona et al. Plasma Butyrylcholinesterase Activity and Cocaine 
Half-Life Differ Signi?cantly in Rhesus and Squirrel Monkeys. Life 
Sci., 1996, pp. 939-943, vol. 59, No. 11. 
Carroll et al, Pharmacotherapies for Treatment of Cocaine Abuse: 
Preclinical Aspects. J. Med. Chem., Jul. 29, 1999, pp. 2721-2736, 
vol. 42, No. 15. 
Cooper et al, Inhibition of cocaine toxicity by cocaine esterase in the 
rat. FASEB Journal, 2005, p. A512, abstract No. 311.6. 
Cooper et al. Rapid and Robust Protection Against Cocaine-Induced 
Lethality in Rats by the Bacterial Cocaine Esterase, Mol. Pharmacol ., 
2006, pp. 1885-1891, vol. 70, No. 6. 
Cooper et al, Cocaine Esterase Blocks Cocaine-Induced Seizures and 
Cardiovascular Effects in the Rat, FASEB Journal, 2005, p. A512, 
abstract No. 311.7. 
Deng et al, Anticocaine Catalytic Antibodies, J. Immunol. Methods, 
2002, pp. 299-310, vol. 269. 
Duysen et al, Wild-type and A328W Mutant Human 
Butyrylcholinesterase Tetramers Expressed in Chinese Hamster 
Ovary Cells have a 16-Hour Half-Life in the Circulation and Protect 
Mice from Cocaine Toxicity, J. Pharmacol. Exp. Ther., 2002, pp. 
751-758, vol. 302, No. 2. 
Flores and Ellington, Increasing The Thermal Stability of an 
Oligomeric Protein, Beta-Glucuronidase, Journal of Molecular Biol 
ogy, 2002, pp. 325-337, vol. 315. 
Gao and Brimijoin, An engineered cocaine hydrolase blunts and 
reverses cardiovascular responses to cocaine in rats. J. Pharmacol. 
Exp. Ther., 2004, pp. 1046-1052, vol. 310, No. 3. 
Gao et al, Gene Transfer of Cocaine Hydrolase Suppresses Cardio 
vascular Responses to Cocaine in Rats, Molecular Pharmacology, 
2005, pp. 204-211, vol. 67, No. 1. 
Gorelick, Enhancing Cocaine Metabolism with 
Butyrylcholinesterase as a Treatment Strategy, Drug Alcohol 
Depend., 1997, pp. 159-165, vol. 48. 
Harris and Chess, Effect of Pegylation on Pharmaceuticals, Nature 
Reviews. Drug Discovery, Mar. 2003, pp. 214-221, vol. 2. 
Harris et al, Pegylation: A Novel Process for Modifying 
Pharmacokinetics, Clinical Pharmacokinetics, 2001, pp. 539-551, 
vol. 40, No. 7. 
Hoffman et al, Administration of Puri?ed Human Plasma 
Cholinesterase Protects against Cocaine Toxicity in Mice, J. Toxicol. 
Clin. Toxicol., May 1996, pp. 259-266, vol. 34, No. 3. 
Kim et al, Directed Evolution of Thermus Maltogenic Amylase 
Toward Enhanced Thermal Resistance, Applied Environmental 
Microbiology, May 2003, pp. 4866-4874, vol. 69, No. 8. 
K0 et al. Cocaine Esterase: Interactions with Cocaine and Immune 
Responses in Mice, J. Pharmacol. Exp. Ther., 2007, pp. 926-933, vol. 
320, No. 2. 
Koetzner and Woods, Characterization of Butyrylcholinesterase 
Antagonism of Cocaine-Induced Hyperactivity, Drug Metab. 
Dispos., 2002, pp. 716-723, vol. 30, No. 6. 
Korkegian et al. Computational Thermostabilization of an Enzyme, 
Science, May 6, 2005, pp. 857-860, vol. 308. 
Landry et al, Antibody-Catalyzed Degradation of Cocaine, Science, 
Mar. 26, 1993, pp. 1899-1901, vol. 259. 
Larsen et al, Crystal Structure of a Bacterial Cocaine Esterase, Nature 
Struct. Biol., Jan. 2002, pp. 17-21, vol. 9, No. 1. 
Larsen et al, Crystallographic and Biochemical Analysis of Cocaine 
Degrading Antibody 15A10, Biochemistry, 2004, pp. 8067-8076, 
vol. 43. 
Lehmann and Wyss, Engineering Proteins for Therrnostability: The 
Use of Sequence Alignments Versus Rational Design and Directed 
Evolution, Current Opinion in Biotechnology, 2001, pp. 371-375, 
vol. 12. 
Lopez-Camacho et al, Amino Acid Substitutions Enhancing 
Thermostability of Bacillus Polymyxa Beta-Glucosidase A, Bio 
chemistry Journal, 1996, pp. 833-838, vol. 314. 
Lynch et al, Cocaine Detoxi?cation by Human Plasma 
Butyrylcholinesterase, Toxicol. Appl. Pharmacol., 1997, pp. 363 
371, vol. 145. 
Mattes et al, Therapeutic Use of Butyrylcholinesterase for Cocaine 
Intoxication, Toxicol. Appl. Pharmacol., 1997, pp. 372-380, vol. 145. 
Mets et al, A Catalytic Antibody Against Cocaine Prevents Cocaine’s 
Reinforcing and Toxic Effects in Rats, Proc. Natl. Acad. Sci., Aug. 
1998, pp. 10176-10181, vol. 95. 
Miyazaki et al, Directed Evolution Study of Temperature Adaptation 
in a Psychrophilic Enzyme, Journal of Molecular Biology, 2000, pp. 
1015-1026, vol. 297. 
Norman et al. A Chimeric Human/Murine Anticocaine Monoclonal 
Antibody Inhibits the Distribution of Cocaine to the Brain in Mice, J. 
Pharmacol. Exp. Ther., 2007, pp. 145-153, vol. 320, No. 1. 
Pan et al, Computational Redesign of Human Butyrylcholinesterase 
for Anticocaine Medication, Proc. Natl. Acad. Sci., Nov. 15, 2005, 
pp. 16656-16661, vol. 102, No. 46. 
Pancook et al, Application of Directed Evolution Technology to 
Optimize the Cocaine Hydrolase Activity of Human 
Butyrylcholinesterase, FASEB Journal, 2003, p. A565, abstract No. 
364.9. 
Rogers et al, Towards Cocaine Esterase Therapeutics, J. Am. Chem. 
Soc., Jul. 20, 2005, pp. 10016-10017, vol. 127, No. 28. 
Scandurra et al, Protein Thermostability in Extremophiles. 
Biochimie, 1998, pp. 933-941, vol. 80. 
Sun et al, Cocaine Metabolism Accelerated by a Re-Engineered 
Human Butyrylcholinesterase, J. Pharmacol. Exp. Ther., 2002, pp. 
710-716, vol. 302, No. 2. 
Sun et al, Re-Engineering Butyrylcholinesterase as a Cocaine 
Hydrolase, Molecular Pharmacology, 2002, pp. 220-224, vol. 62, No. 
2. 
Turner et al, Biochemical Characterization and Structural Analysis of 
a Highly Pro?cient Cocaine Esterase, Biochemistry, 2002, pp. 
12297-12307, vol. 41. 
Uchiyama et al, Directed Evolution to Improve the Thermostability 
of Prolyl Endopeptidase, Journal of Biochemistry, 2000, pp. 441 
447, vol. 128, Tokyo. 
Veronese and Harris, Introduction and Overview of Peptide and 
Protein Pegylation, Advanced Drug Delivery Reviews, 2002, pp. 
453-456, vol. 54. 
White et al, Improved Thermo stability of the North American Fire?y 
Luciferase: Saturation Mutagenesis at Position 354, Biochemistry 
Journal, 1996, pp. 343-350, vol. 319. 
Xie et al, An Improved Cocaine Hydrolase: The A328Y Mutant of 
Human Butyrylcholinesterase is 4-Fold more Ef?cient, Mol. 
Pharmacol., 1999, pp. 83-91, vol. 55. 
Zhan et al, Fundamental Reaction Mechanism for Cocaine 
Hydrolysis in Human Butyrylcholinesterase, Journal of the Ameri 
can Chemical Society, 2003, pp. 2462-2474, vol. 125. 
Chinese Of?ce Action dated Jun. 1, 2011 in related Application No. 
200780033496, includes English translation, 10 pages. 
International Search Report and Written Opinion dated Feb. 9, 2009 
in corresponding PCT Application No. PCT/US/2008/069659 ?led 
Jul. 10, 2008, 11 pages. 
International Search Report and Written Opinion dated Sep. 29, 2008 
in related PCT Application No. PCT/US07/ 15762 ?led Jul. 10, 2007, 
6 pages. 
Malaysian Of?cial Action and Search Report dated Feb. 15, 2012 in 
related Application No. PI 20090140 ?led Jul. 10, 2007, 3 pages. 
New Zealand Of?cial Action dated Jun. 14, 2010 in related Applica 
tion No. 574376 ?led Jul. 10, 2007, 3 pages. 
New Zealand Of?cial Action dated Nov. 15, 2010 in related Appli 
cation No. 582626 ?led Jul. 10, 2008, 2 pages. 
Supplementary European Search Report dated Sep. 1, 201 1 in related 
Application No. EP08781619.5 ?led Jul. 10,2008, 10 pages. 
* cited by examiner 
US. Patent Nov. 27, 2012 Sheet 1 0f 36 US 8,318,156 B2 
' ‘ mg, mpg 
H2511 @MEQH 
Gaming: (*1? 
FIG. 1 
US. Patent Nov. 27, 2012 Sheet 2 0f 36 US 8,318,156 B2 
\w 
m. 
FIG. 2 
US. Patent Nov. 27, 2012 Sheet 3 0f 36 US 8,318,156 B2 
1 l l l I l l l I l l l I l I l I l | l 
' 1000 
A 0.8 — 
E _ 
c _ 
O _ — 800 
00 
9', 0.6 — IE 
0) ' Q) 
o 
C _ — 600 Q 
2 - “H 
L _ 8 0.4 g 
_Q ' / — 400 
< _ 
> _ 
I) 0.2 — 
_ — 200 
0 l I l I I I I I I l I I I l I 0 
0 2000 4000 6000 8000 10000 
Time (sec) 
FIG. 3 

US. Patent Nov. 27, 2012 Sheet 5 0f 36 US 8,318,156 B2 
il 
p/p min (51 g 
a 25 a "5% wii 
maame {mi} 
FIG. 5 
US. Patent Nov. 27, 2012 Sheet 6 0f 36 US 8,318,156 B2 
SDS+ bMe: WT T172R 
37°C (mins): 0 10 2O 4O 80 “I60 0 1O 20 4O 80 “I60 
100 kDa 
75 kDa 
50 kDa 
37 kDa 
25 kDa 
20 kDa 
WT T172R 
37°C (mins): 0 1o 20 40 80160 0 10 20 40 80160 
Native: 
1/2 life: ~20 mins ~16O mins 
FIG. 6 
US. Patent N v. 27, 2012 Sheet 7 0f 36 US 8,318,156 B2 
6.. 0.53.358. 
o 
6... 2322 58. 82.2.; .. . 8 3. 
O 
60. EEEQQEQPw 3... 
own com0mh8N
8 8 i... m.‘ m .8...... 8 m .8l. 8 8 ii 8 mm ...... E t l. 9 8 i... 
own cumo0mqNN
FIG. 7 
US. Patent Nov. 27, 2012 Sheet 8 0f 36 US 8,318,156 B2 
2% 
Y. 
FIG. 8 
US. Patent Nov. 27, 2012 Sheet 9 0f 36 US 8,318,156 B2 
Q @33mg EwE
FIG. 9 
US. Patent Nov. 27, 2012 Sheet 10 0f 36 US 8,318,156 B2 
FIG. 10 
US. Patent Nov. 27, 2012 Sheet 11 0f 36 US 8,318,156 B2 
CMSF PE 
FIG. 11 
US. Patent Nov. 27, 2012 Sheet 12 0f 36 US 8,318,156 B2 
‘W351 — 
4% * 
25$ - 
Peme m;Affeaiad
m m 1781mm .w 5% WRQ 
Gas-E (lasagna WENQSU?E? 
FIG. 12 
US. Patent Nov. 27, 2012 Sheet 13 0f 36 US 8,318,156 B2 
El _ (1] 
[Q E _ 
[II "R. 
(1] - 
4.1 
m5 .. 
Lila-d 
1 1 l 1 I l U 
III 10 20 30 40 50 6U 70 
Time (min) 
FIG. 13 
US. Patent Nov. 27, 2012 Sheet 14 0f 36 US 8,318,156 B2 
100 
3 g 80"‘ 
a: _ 
< 60 
‘E 40- i 3
0. 
OJ _ 
l I I I | | l 
400 -3O —1O —3 -1 1 6 
Time to Cocaine 
Injection (min) 
FIG. 14 
US. Patent Nov. 27, 2012 Sheet 15 0f 36 US 8,318,156 B2 
[:3 PBS 
- cocE 
[cocaine] (12M)+sem)
2:" 3
O I 
00 I .0 
min post-csterase treatment 
FIG. 15 

US. Patent Nov. 27, 2012 Sheet 17 0f 36 US 8,318,156 B2 
—.— iv cocE 0.32 mg + ip cocaine 320 mg/kg (n=6) 
—A— iv T172R 0.32 mg + ip cocaine 320 mg/kg (n=6) 
100 - 
_ _ O 08 642
-1 -1O -3O -60 
Time to cocaine injection (min) 
FIG. 17 
















































































































